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(57) ABSTRACT

A semiconductor memory device using hierarchical word
decoding for word selection includes memory-cell areas,
cach of which 1s provided for a corresponding one of column
blocks. The semiconductor memory device further includes
sub-word lines provided for each one of the column blocks
and extending over a corresponding one of the memory-cell
arcas, and sub-word decoders provided on either side of a
orven one of the memory-cell areas to select one of the
sub-word lines only with respect to the given one of the
memory-cell areas.

27 Claims, 14 Drawing Sheets

COLUMN BLOCK

_,,-r""'\\,u \r _,,/ﬁ\,__ ~ _.w/\‘-n._
21 2 |
P et S
! $ L
13 20 20 13 —
S/7A % ]" S/A | |
N Q%M,___n_m_._ f
[ — i | Lr.l:
- H P G > @ A
|B< ‘i e e o e =t a1 .. . ! : -}' H'}'.: .
gl T e B Y B s A ¥ RRTTR
L AN
e X P R S
: o I
) |
/1203 1205 1206 o, 1205 1206 1204 1 o5 1026 1%04
sug-woro-nconer | f / | _( - ” / ( ] / I P
SELECTING CIRCUIT e L ——- . i |
- T o ey e P ) e e e S IE
1202 f T AN mEmE —
25| ROW-BLOCK-SELECTIONT vl 4 1 . '/SEHSEAHPLIFIER & | '/SEHSE—AMPLIFIEH g ”/SENSE-AMPLIFIER
CIRCUIT 2 { BLOCK + 1 BLOCK 1 4 BLOCK
] | ) | S — 172144
1 L = e e e —S===11714a
DECODER ) O v 1Y G T—~1214a
N — (IFTT 2 T B
HINL £ {1 ) | I |
L ]
Hf;hhhﬁquh-f” Ll
R 1209 1209 N 1209(‘Y\*”'ﬁ‘““‘*f‘““
1212 1207 v\ 1212
w/‘ 1210 [ 1210 IQD?r‘ 1210 1212
12167 1211 12167 | 1211 12161 1211
COLUMN-BLOCK- FOLUMN-_BOLCK- COLUMN-BOLCK=
SELECTION —1208 SELECTION  1~1208 SELECTION —~.1208
CIRCUIT CIRCUIT CIRCUIT




U.S. Patent

F1G. 1

Keb. 20, 2001

203

Sheet 1 of 14

Y of N oS
] [P
s

US 6,191,999 Bl




US 6,191,999 Bl

Sheet 2 of 14

Keb. 20, 2001

U.S. Patent




U.S. Patent Feb. 20, 2001 Sheet 3 of 14 US 6,191,999 B1

ADDRESS

N
dddd[1d SSHAAdY '
LINI "T041NOD-MO4

-16. 3

COMMAND

MEMORY-CELL CIRCUIT
COLUMN-CONTROL UNIT

COMMAND BUFFER/DECODER

-
ddddfd VIv({

DATA



U.S. Patent Feb. 20, 2001 Sheet 4 of 14 US 6,191,999 B1

_ .s ,.u

<J
™~
{ 3
l g\m
- .’.“!E
\ = ." E!
3 TR

|=== @3 El

Ilit‘.'

|2

| 3

|
|
|
|
|
|
L

q

COLUMN BLOCK

8 =
;slllnlxh

| @;oz.e!a
: Ee=r =i

FIG. 4
COLUMN BLOCK
=||—=

s 'H!ﬁ

COLUMN BLOCK
N
13




U.S. Patent Feb. 20, 2001 Sheet 5 of 14 US 6,191,999 B1

F1G. 5
3
~
S/A
4 1D 16
X 24 24,
NE 5N\
ev z . > -a
724 S 24{ =
-
e‘v = i = 93

7 14 24 24 5 16



U.S. Patent

F16. 6

Keb. 20, 2001

|4

15

16

| 7

Sheet 6 of 14

34

35

‘41472

US 6,191,999 Bl



U.S. Patent Feb. 20, 2001 Sheet 7 of 14 US 6,191,999 B1

F1G. 7

MW L MW L
gd x SWL x
3 4
/" qd x
2 0 36

VS S



US 6,191,999 Bl

Sheet 8 of 14

Keb. 20, 2001

U.S. Patent

/071 Aral {021 1021
7 0121 6027 2121 1121 0121 6021 - )
/ —— -
121 E ‘ ——,
VIl e I= . = SPALPSIANTE & A8 DU T
S i e ————Ty)
pre b e T e R . 4300030
E BN (R ENE : _sﬂm-r T 0OM-NTVW
TR T e——— e — , RATTT i
/APA = — -wil-lrnl“ -m"lq..‘ : _vm'llkm-;
_ -
VaSm » 7018 _ L Trowid] 2021
zuHmH4az<;umzum L Y3141 TdWY- um ENN Y “ 43141 1dWy-3SN3S || | “ NOILI3135-0078- “mou
- L_v “_ h M : _ - HI —
- = 1 LINOYT) ONI12313S
A PA 6021 43007 30-040M-49nS
c1sp D021 momﬂ A SLZT T1Z41 D071 IrAl 071 o e

8 Dl



US 6,191,999 Bl

Sheet 9 of 14

Keb. 20, 2001

U.S. Patent

e L

LINJAID LINOYIO LINDYID
Q021 NOI12313S o{0VA NOI 123713S 80T~ NOIL1J313S
-¥7708-NWN 102 ~N)708-NWN 1 ~3X2078-NWN 102
D T |
| | |
T12T 9Ll Ler 9Tl 112t 91T
0121 0121 0121
ArA
oV \ \eoz1| 0% ctel\ Y602t BM/ e\ \goet| [ T
_ i
\ } |
mHNH n_.,m ....1!I...|..l.|.|...ii VAR . -IIIIII.,B....... m mll.lﬂ!!
~ . FRPISP oS : BV W VAV
AT ) | GECH | 4300030
c121 JEE i § RPN H § BN _illl_ RIEANCE] K B (JHOM-NIYIN
. .ﬂ_,iu.....@!&.—_ - “Hu.n.im...&.—-
Y121 = = o 3\ — : E
o N - . .-j- ., “ .I...HE
e1el : e || 3 |y ) 1021
- -“.I...l - i — — lrl...llﬁ
12372 P/ O e ~ e — W . — —
%018 o || %3018 LINJYID
zm:t#_zq-m_mzm_m;_ ) | Efjazq:umzum;. L [¥33110Wy-35N3S ] “ _ _— NOI L2373S-X20719-M0Y M@Nﬂ
- L | _ . } _ n { i} H|| - )
- L S— A S — -
)| ' ) ; i 1 LIN2YID ONI1D313S
G177 4300730-0H0M-8NS
o2l  9z01 10¢l vOcl 9071 20¢t POl goz7 S0CT  ¢oz1 1



~ dadd4nd YILVA-0/1 | u0a~00d

US 6,191,999 Bl

KOG
Y3079 ¥700030-NWATOD
ak
YAINNOD
SSAMAQY
-NWNT0)
{74408 SSHAAAY Uy ~QV
< =
— = el
- —-—
= =
- = ¥ALS 199 M/
g LINAID 1780-RMONAN = 00N 1900040 SY)/
= = INYRHO) SVY/
s = 5D/
=
= HOLYT
= TYNDIS
= ~T04INOD - )
& 021 311 GIT 324408 X001
< 1)
s

011

01l 914

U.S. Patent



Sheet 11 of 14

US 6,191,999 Bl

r— |
_ _
_ 19T~]}—
| ! LLJ £GT
| 09T~} £ST
N — Gr v
| 9qT~ 26T _
_ | 6G T |
“ | 4 |
\ |
| | 8G1 Lm GS T .
_ k- - o+
90T 50T b1 | €v1| pST Eﬁan ’
20T op b
epb
8217 = P
OsUY _ YevTygyry ~(vT 11— TP
5 ” 7
€S| 9€T 9¢T g | OET o _
S 2 esol Klg 18O Lo 0%
._a (21 161 | N ) P 121
_ (2T (21
= et [ . L . J;frfb\\
= 1 (P ]| vET T ver 62Tl |
= oet b 1] ' Tver: 2er |1 0cT 62T | aeriey|! 0e100 T |
Oﬂ @NH . | YN A NS 3 LR m.ﬂ.‘"....‘.‘._mﬂ.l o TR r.mﬁ,ﬂ-_ﬂ
7“ RN i | EETEWE K PR GRS § M ] EITR I R MRS K H 20T m.ﬁnw—— 4300330
S = — e et QYOM-NI VW
. = | —— rasak m— ..-ﬂ-
pET - : . |t =Y H
9T 2018 |- )08 %018 W viou K H %
cobel | (na0ae-3sN3s | ¢ TTlanariae-asas| T watsriaw-asas || T[T Rananaer-aseas _.!.t %EE.W..V_US%M% 21
_ _Ui o - . S e —% N - — % a1 ———- g v :
opb ) - - 7\ LINDYID ONILDIIS |E2T
cer b1 9217 GeT o el 9¢lger o 2T 9z1 el . vl ggr Gar |  Y30003C-0HOM-ans

U.S. Patent



US 6,191,999 Bl

LINDUID
8¢l NOT110373S
-%30718-NWN 102
(21 N R4 @2/_ [21 9Ty | L2 9€1 121
| M/ /F\_
PET 6S1 621
m mEE Ot | m"h!.ﬁ.nu I T O. L _’
: . - oo T . ST . A& 11 T T : J!iﬂﬂ
: Rl O] _eoox
. e ——— e ey "™
3 B (RAwLE) B S - IR 40D “'Eu“ — S “-'-L-—
— . nmﬁ““gugmm “—Iﬁ.-n ' . . {. - V.]{]
7 == I.mmnn = Hmw.m..sl...dm
| i ¢ | - o
- - - — ¢l
P TN e
_ 0078 %0078 . 0018 . 10078 . T
= GeT 1T | 311N mm.,_um_—--AF 43141 1dWY~ISNIS | M3T417dWy-3SN3S _ | [¥31417dWy mmzum_
= SO L ot i | j| IR s 1y [P T e |1 4|NOIL93135-%00718-M0Y |
—3 2pb ¢ ' I “_l - I 1 : \ 14 T
M h_V _uwi , \\ 1 | i LINJYID ONILDIT3S
= Po L peT 92T eset p21 92T ®GZT vel 921 ®GeT p21 9gr egzr | | 9300730-040M-6AS

¢l 914

U.S. Patent

tdl

\\

0L1-

LIRJYT) ONTATYA
43131 TdiWy-3ISNIS

——

T s . e



e
=
)
= 9eT 08T ~ 0¢ T
e
&N
v
O A W 1. O ISl N Y N WL
- 078 | ¢ ELI GLT M08 | ¢ ELI CLT MO0Td | & LT m
JATATRY - m @ JITAITINY - (= w Q . Y14 TNV = @ "
-ASNAS | -4SNdS | x -gSNIS | m
- Jau oL M m
= O Q) - Q|
= WA - /X WASEE
— m QE - m m
D m o . O ILT|
AL e sialls
vzl A vGe7l w
m . " _ " _ L100¥1D
= r ........ : r . NOTLOA14S
m — 8 ® % @ s e+ s+ @ e o » » lv_ucw_m_#g@m
S 201
5
S LI0DYI)
INTATNG
I 4914 11dIKY

- HSNIS
OLI

¢l 914

U.S. Patent



US 6,191,999 Bl

Sheet 14 of 14

Keb. 20, 2001

U.S. Patent

mmmﬂ 8e1
4300030 NWN102 4300230 NWN10D
. | , .
B
Yo 181 18T 5
e e e — e o o e e - N
I _ _
rrrrrrrrr - — J
_ 3 B Ry gl 121
€50 230, 1S 050D
A\ _ (21 XA A _ XA
# _ . | o
“ | “ _ . ! 4300930
eel Ak 1 { | o | QYOM-NIVHW
2 a 28] RN 20 P g | K
“_ _. - I'aian _ “—
_ -hr - E il gﬁ
=1 _ -._ — fl th ! g1
13076 VS | f—{ ][ %0078 VS 018 VS %0078 VS (b1 %0018 s |}—41|%0078 vs LINJYID
“% 4 O VS 3 D # w ﬁ ™ _l l E-Hzo:uﬂum-xuimég \FA
MUUQL ] J—3 11 ] 1 J— bl - —1bs AU
NUW e 5 m 3 uh : jwn B y L
ipb 21 m — E— A S— LINDYID ONILI33S
m:ucx\m.hu_h*hh*q.wa:+ il & 5 —— T SR A -M%ﬁ_ ¥300230-QHOM-8NS
mm.m ¥ R ) = S RNRNIG VRS r . " mN.H H+ _
vel pel €21




US 6,191,999 BI

1

SEMICONDUCTOR MEMORY DEVICE
WITH REDUCED POWER CONSUMPTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention generally relates to semiconductor
memory devices, and particularly relates to a semiconductor
memory device which employs a hierarchical word-decode
scheme.

2. Description of the Related Art

The hierarchical word-decode scheme employs a hierar-
chical structure of word lines 1n which two types of word
lines, 1.e., main-word lines and sub-word lines, are used for
word selection. A typical material used for word lines 1s
polysilicon. Unfortunately, polysilicon has a relatively high
resistance for a wiring material, causing a significant delay
to signals propagating therethrough. A conventional tech-
nique to counter this 1s to establish a contact at predeter-
mined 1ntervals between polysilicon word lines and alumi-
num wiring lines arranged 1n parallel to the polysilicon word
lines, thereby reducing a resistance of the word lines. In
order to 1ncrease circuit density, however, intervals between
the wiring lines needs to be shortened, but it 1s difficult to
implement a pattern of aluminum wiring lines having the
same piich as polysilicon wiring lines. The hierarchical
word-decode scheme obviates this problem by dividing
polysilicon word lines into sub-word lines having tolerable
delays and by using aluminum for main-word lines to
achieve sufficiently small delays.

FIG. 1 1s an 1llustrative drawing showing a word-line
structure according to a related-art hierarchical word-decode
scheme. A main-word decoder 201 decodes a row address to
select one of main-word lines 208, and turns the selected
main-word line to HIGH. The main-word lines 208 are
provided on a wiring layer. In a different wiring layer, four
sub-word lines 209 are laid out generally under the main-
word lines 208. The sub-word lines 209 are connected to
four types of sub-word decoders 204 through 207, respec-
tively. The sub-word decoders of the same type are arranged
in a row perpendicular to the extension of the main-word

lines 208.

A sub-word-decoder selecting circuit 202 selects one type
of sub-word decoder among the four types of the sub-word
decoders 204 through 207 via the sub-word-decoder selec-
tion lines 210. The selected type of the sub-word decoders
connects the main-word lines 208 to the sub-word lines 209.
As a result, only one of the four sub-word lines 209
connected to the selected one of the main-word lines 208
becomes HIGH when this sub-word line 209 1s selected by
the sub-word-decoder selecting circuit 202. This achieves a
hierarchical word selection. In the case of data-read
operations, for example, data stored in memory cells (not
shown) 1s read by sense amplifiers of sense-amplifier blocks
203 only with respect to the selected word.

The sub-word decoders 204 through 207 are provided on
a wiring layer different from the wiring layer of the sub-
word lines 209 laid out over the memory cells. In such a
configuration, the sub-word decoders 204 through 207 are

connected to the respective sub-word lines 209 via contacts
211.

It 1s desirable to reduce power consumption 1n semicon-
ductor memory devices, and such an effort should be
directed to every minute detail. To this end, sense amplifiers
may be driven only with respect to a column block at a
particular column address by reading the column address
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2

prior to carrying out a row-access operation. Namely, 1n the
example of FIG. 1, only one of the sense-amplifier blocks
203 may be driven when this has an indicated column
address, rather than driving all the sense-amplifier blocks

203.

In order to drive only one of the sense-amplifier blocks
203 with respect to a particular column block, a data-read
operation for memory cells should be carried out only with
respect to the same column block. If data i1s read from
memory cells 1n all the column blocks and only one of the

sense-amplifier blocks 203 1s driven, some of the data 1s not
held by the sense amplifiers since some of the sense-
amplifier blocks 203 are not 1n operation. Such data that are
not held by the sense amplifiers fail to be restored in the
memory cells. As a result, data of the memory cells are
destroyed in column blocks other than the column block
where the sense-amplifier block 203 1s operated.

In the configuration of FIG. 1, each of the sub-word lines
209 extends on either side of a corresponding one of the
sub-word decoders 204 through 207, and 1s shared by the
two column blocks on either side. If a sub-word decoder 1s
selected only with respect to a selected column block,
selection of one of the sub-word lines 209 results 1 data
being read from the memory cells with respect to two
column blocks on either side of the selected sub-word
decoder. If only one of the sense-amplifier blocks 203 1is
driven as previously described, data destruction 1s bound to
happen 1n a column block where a sense-amplifier block 1s
not operated.

To avoid this, sub-word decoders may be provided with
respect to each column block. FIG. 2 1s an illustrative
drawing showing another word-line structure according to
the related-art hierarchical word-decode scheme.

FIG. 2 shows main-word lines and sub-word lines and
relevant portions surrounding these word lines, and 1rrel-
evant portions are omitted from the figure. As shown 1n FIG.
2, the sub-word lines 209 extends only on one side of the
sub-word decoders 204 through 207 within a span of a single
column block. In this configuration, a word-selection opera-
tion can be performed only in one column block by selecting
a sub-word decoder with respect to only one column block.
This prevents data destruction of memory cells as previously

described.

There 1s a reason, however, as to why the configuration of
FIG. 1 1s typically used mstead of the configuration of FIG.
2. This 1ssue relates to a chip size. In the configuration of
FIG. 2, four contacts 211 need to be arranged 1n a row for
cach one of the mamm-word lines 208. The contacts 211,
however, cannot be arranged so close to each other. Intervals
between the sub-word lines 209 are thus bound to be wider
in the configuration of FIG. 2 than in the configuration of
FIG. 1, resulting 1n a chip size being increased 1n a vertical
direction of the figure.

Further, the configuration of FIG. 2 has a complete set of
sub-word decoders for each column block. This means
double the number of sub-word decoders compared to the
configuration of FIG. 1. Chip size 1n a horizontal direction
of the figure 1s also enlarged.

Accordingly, there 1s a need for a semiconductor memory
device 1 which a complete set of sub-word decoders is
provided for each column block without enlarging a chip
S1Z¢.

SUMMARY OF THE INVENTION

Accordingly, it 1s a general object of the present invention
to provide a semiconductor memory device which can
satisly the need described above.
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Also, 1t 1s another and more specific object of the present
invention to provide a semiconductor memory device 1n
which a complete set of sub-word decoders 1s provided for
cach column block without enlarging a chip size.

In order to achieve the above object according to the
present 1nvention, a semiconductor memory device using,
hierarchical word decoding for word selection includes
memory-cell areas, each of which 1s provided for a corre-
sponding one of column blocks. The semiconductor memory
device further includes sub-word lines provided for each one
of the column blocks and extending over a corresponding
one of the memory-cell areas, and sub-word decoders pro-
vided on either side of a given one of the memory-cell areas
to select one of the sub-word lines only with respect to the
ogrven one of the memory-cell areas.

In the semiconductor memory device described above, the
sub-word decoders are provided on either side of a memory-
cell area with respect to each column block, so that the
number of contacts arranged 1n a line perpendicular to the
extension of the word lines can be small, thereby avoiding
a chip-size enlargement 1n a direction perpendicular to the
extension of the word lines.

According to one aspect of the present invention, the
semiconductor memory device 1s such that the sub-word
lines are selected and activated only with respect to a
selected one of the column blocks.

In the semiconductor memory device described above,
since the sub-word lines are selected and activated only with
respect to a selected column block, data 1s accessed only
with respect to the selected column block.

According to another aspect of the present invention, the
semiconductor memory device further includes sense-
amplifier blocks, each of which 1s provided for a correspond-
ing one of the column blocks, wherein only one of the
sense-amplifier blocks 1s driven with respect to the selected
one of the column blocks.

In the semiconductor memory device described above,
since sense amplifiers are driven only with respect to the
selected column block, an excessive power consumption can
be avoided. Further, since data i1s accessed only in the
selected column block, data destruction 1n other column
blocks can be prevented.

According to another aspect of the present invention, the
semiconductor memory device 1s such that every other one
of the sub-word lines 1s connected to the sub-word decoders
provided on a first side of the given one of the memory-cell
arcas, and remaining ones of the sub-word lines are con-
nected to the sub-word decoders provided on a second side
of the given one of the memory-cell areas.

In the semiconductor memory device described above, the
number of contacts arranged 1n a line perpendicular to the
extension of the word lines 1s relatively small, thereby
avolding a chip-size enlargement 1n a direction perpendicu-
lar to the extension of the word lines.

According to another aspect of the present invention, the
semiconductor memory device 1s such that every other pair
of the sub-word lines 1s connected to the sub-word decoders
provided on a first side of the given one of the memory-cell
areas, remaining pairs of the sub-word lines are connected to
the sub-word decoders provided on a second side of the
ogrven one of the memory-cell areas.

In the semiconductor memory device described above, the
number of contacts arranged 1n a line perpendicular to the
extension of the word lines 1s relatively small, thereby
avolding a chip-size enlargement 1n a direction perpendicu-
lar to the extension of the word lines.
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According to another aspect of the present invention, the
semiconductor memory device 1s such that each of the
sub-word decoders includes an NMOS transistor, a PMOS
transistor, and a first substrate area where the NMOS tran-
sistor 1s formed, and the first substrate arca of a given one
of the sub-word decoders 1s situated alongside the {first
substrate area of an adjacent one of the sub-word decoders.

In the semiconductor memory device described above,
N-channel-transistor areas are situated alongside between
adjacent sub-word decoders, thereby avoiding a chip-size
enlargement 1n a direction of the extension of the word lines.

According to another aspect of the present invention, the
semiconductor memory device 1s such that each of the
sub-word decoders 1includes an NMOS transistor, a PMOS
transistor, and a second substrate area where the PMOS
transistor 1s formed, and the second substrate area of a given
onc of the sub-word decoders i1s situated alongside the
second substrate area of an adjacent one of the sub-word
decoders.

In the semiconductor memory device described above,
P-channel-transistor arcas are situated alongside between
adjacent sub-word decoders, thereby avoiding a chip-size
enlargement in a direction of the extension of the word lines.

According to another aspect of the present invention, a
semiconductor memory device includes a plurality of main-
word lines, a main-word decoder selecting one of the
plurality of main-word lines, memory-cell areas each pro-
vided for a corresponding one of column blocks, sub-word
lines provided for each one of the column blocks and
extending over a corresponding one of the memory-cell
arcas, and sub-word decoders provided on either side of a
orven one of the memory-cell areas to select one of the
sub-word lines only with respect to the given one of the
memory-cell areas.

In the semiconductor memory device described above, the
sub-word decoders are provided on either side of a memory-
cell area with respect to each column block, so that the
number of contacts arranged 1n a line perpendicular to the
extension of the word lines can be small, thereby avoiding
a chip-size enlargement 1n a direction perpendicular to the
extension of the word lines.

According to another aspect of the present invention, the
semiconductor memory device 1s such that the sub-word
liens are selected and activated only with respect to a
selected one of the column blocks.

In the semiconductor memory device described above,
since the sub-word liens are selected and activated only with
respect to a selected column block, data 1s accessed only
with respect to the selected column block.

According to another aspect of the present mnvention, the
semiconductor memory device further includes sense-
amplifier blocks, each of which 1s provided for a correspond-
ing one of the column blocks, wherein only one of the
sense-amplifier blocks 1s driven with respect to the selected
one of the column blocks.

In the semiconductor memory device described above,
since sense amplifiers are driven only with respect to the
selected column block, an excessive power consumption can
be avoided. Further, since data i1s accessed only in the
selected column block, data destruction 1n other column
blocks can be prevented.

According to another aspect of the present mnvention, the

semiconductor memory device 1s such that each of the
sub-word decoders includes an NMOS transistor, a PMOS
transistor, and a first substrate area where the NMOS tran-
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sistor 1s formed, and the first substrate area of a given one
of the sub-word decoders 1s situated alongside the first
substrate area of an adjacent one of the sub-word decoders.

In the semiconductor memory device described above,
N-channel-transistor arecas are situated alongside between
adjacent sub-word decoders, thereby avoiding a chip-size
enlargement 1n a direction of the extension of the word lines.

According to another aspect of the present invention, the
semiconductor memory device 1s such that each of the
sub-word decoders 1includes an NMOS transistor, a PMOS
transistor, and a second substrate area where the PMOS
transistor 1s formed, and the second substrate area of a given
one of the sub-word decoders i1s situated alongside the
second substrate arca of an adjacent one of the sub-word
decoders.

In the semiconductor memory device described above,
P-channel-transistor areas are situated alongside between
adjacent sub-word decoders, thereby avoiding a chip-size
enlargement in a direction of the extension of the word lines.

According to another aspect of the present invention, a
semiconductor memory device using hierarchical word
decoding for word selection includes memory-cell areas
cach provided for a corresponding one of column blocks,
and sub-word decoders provided on either side of a given
one of the memory-cell areas to select one of sub-word lines
only with respect to the given one of the memory-cell areas.

In the semiconductor memory device described above, the
sub-word decoders are provided on either side of a memory-
cell area with respect to each column block, so that the
number of contacts arranged 1n a line perpendicular to the
extension of the word lines can be small, thereby avoiding
a chip-size enlargement 1n a direction perpendicular to the
extension of the word lines.

According to another aspect of the present invention, the
semiconductor memory device 1s such that each of the
sub-word decoders 1ncludes an NMOS transistor, a PMOS
transistor, a first substrate area where the NMOS transistor
1s formed, and a second substrate areca where the PMOS
transistor 1s formed, and the first substrate area of a given
one of the sub-word decoders 1s situated alongside the first
substrate arca of an adjacent one of the sub-word decoders,
the second substrate area of a given one of the sub-word
decoders 1s situated alongside the second substrate area of an
adjacent one of the sub-word decoders.

In the semiconductor memory device described above,
cither of the N-channel-transistor areas and P-channel-
fransistor areas are situated alongside between adjacent

sub-word decoders, thereby avoiding a chip-size enlarge-
ment 1n a direction of the extension of the word lines.

Other objects and further features of the present invention
will be apparent from the following detailed description
when read 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1illustrative drawing showing a word-line
structure according to a related-art hierarchical word-decode
scheme;

FIG. 2 1s an 1illustrative drawing showing another word-
line structure according to the related-art hierarchical word-
decode scheme;

FIG. 3 1s a block diagram of a semiconductor memory
device having a configuration of sub-word decoders accord-
ing to the present invention;

FIG. 4 1s an 1llustrative drawing showing a configuration
of sub-word decoders according to the present invention;
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6

FIG. § 1s an 1llustrative drawing showing a configuration
in which every other one of sub-word lines 1s connected to
the sub-word decoders provided on the same side;

FIG. 6 1s an illustrative drawing showing a layout of the
sub-word decoders on a substrate of a semiconductor

memory device;
FIG. 7 1s a circuit diagram of each sub-word decoder;

FIG. 8 1s an 1illustrative drawing showing a word-line
structure according to a related-art hierarchical word-decode
scheme;

FIG. 9 1s an 1llustrative drawing showing a related-art
conilguration which activates only a selected column block
in a hierarchical word-decode scheme;

FIG. 10 1s a block diagram of another embodiment of a
semiconductor memory device according to the present
mvention;

FIG. 11 1s an illustrative drawing showing a first embodi-
ment of a column-block-selective-activation mechanism

according to the present invention;

FIG. 12 1s an 1illustrative drawing showing a second
embodiment of a column-block-selective-activation mecha-
nism according to the present invention;

FIG. 13 1s a circuit diagram of a sense-amplifier-control
circuits; and

FIG. 14 1s an illustrative drawing showing an embodiment
in which column-selection lines are selected by counting up
column addresses 1n a column-address counter of FIG. 10.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, embodiments of the present invention
will be described with reference to the accompanying draw-
Ings.

FIG. 3 1s a block diagram of a semiconductor memory

device having a configuration of sub-word decoders accord-
ing to the present 1nvention.

A semiconductor memory device 1 of FIG. 3 includes an
address buflfer 2, a command buffer/decoder 3, a data buffer
4, a column-control unit 5, a row-control unit 6, and a
memory-cell circuit 7.

The address buffer 2 receives an address input, and
supplies a row address and a column address to the row-
control unit 6 and the column-control unit 5, respectively.
The command buffer/decoder 3 receives a command 1nput,
and decodes the contents of the command input. Based on
the decoding results of the command buifer/decoder 3, the
column-control unit 5 and the row-control unit 6 are con-
trolled. The memory-cell circuit 7 includes a memory-cell
array, main-word lines, sub-word lines, bit lines, sense
amplifiers, etc.

The row-control unit 6 selects and activates a main-word
line and a sub-word line corresponding to an indicated row
address to effect a data exchange between corresponding,
memory cells and sense amplifiers. In the semiconductor
memory device 1, a column address 1s already available
when the row-control unit 6 performs a row-address access.
By referring to this column address, the column-control unit
5 selects a column block corresponding to the indicated
column address, so that the row-address access 1s performed
only 1n the selected column block. Namely, sense amplifiers
are driven and sub-word lines are activated by the row-
control unit 6 only within the selected column block.

The column-control unit 5 accesses the indicated column
address 1n the selected column block. This achieves a data
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exchange between the data buffer 4 and a sense amplifier of
the indicated column address. The data bufler 4 receives data
from outside of the semiconductor memory device 1 to
supply the data to the memory-cell circuit 7, or receives data
from the memory-cell circuit 7 to supply the data to outside
of the semiconductor memory device 1.

FIG. 4 1s an 1llustrative drawing showing a configuration
of sub-word decoders according to the present invention.

FIG. 4 shows a relevant portion of the row-control unit 6 and
the memory-cell circuit 7 shown 1n FIG. 3.

A main-word decoder 11 decodes a row address to select
one of the main-word lines 18, and turns the selected
main-word line to HIGH. The main-word lines 18 are
provided on a wiring layer. In a different wiring layer, four
sub-word lines 19 are laid out generally under the main-
word lines 18. The sub-word lines 19 are connected to four
types of sub-word decoders 14 through 17, respectively. The
sub-word decoders of the same type are arranged 1n a row
perpendicular to the extension of the main-word lines 18.

A set of the sub-word decoders 14 through 17 1s provided
with respect to each of sense-amplifier blocks 13. That 1s, a
set of the sub-word decoders 14 through 17 1s provided for
cach column block. Sub-word lines 19 extend from the
sub-word decoders 14 through 17 on one side thereof, and
perform word selection with respect to a corresponding,
column block.

A sub-word-decoder selecting circuit 12 transmits a signal
for selecting one type of sub-word decoders from the four
types of the sub-word decoders 14 through 17 to the sub-
word-decoder selection lines 20. Column-block selection
lines 21 convey a signal for indicating a selected column
block to sub-word-decoder controlling circuits 22. In the
selected column block, a corresponding one of the sub-
word-decoder controlling circuits 22 supplies the signal
from the sub-word-decoder selecting circuit 12 to the sub-

word decoders 14 through 17.

The selected type of the sub-word decoders connects the
main-word lines 18 to the sub-word lines 19. As a result,
only one of the four sub-word lines 19 connected to the
selected one of the main-word lines 18 becomes HIGH only
in the selected column block when this sub-word line 19 1s
selected by the sub-word-decoder selecting circuit 12. This
achieves a hierarchical word selection.

In the case of data-read operations, for example, data
stored in memory cells (not shown) corresponding to the
selected word 1s read from a memory-cell area 23 of the
selected column block, and 1s held by sense amplifiers of a
corresponding one of the sense-amplifier blocks 13. Here,
only one of the sense-amplifier blocks 13 1s driven with
respect to the selected column block.

The sub-word decoders 14 through 17 of a given column
block are arranged on either side of the memory-cell arca 23
in the given column block. In the example of FIG. 4, two of
the four sub-word lines 19 1n a given column block are
connected to the sub-word decoders 16 and 17 provided on
the right-hand side of the memory-cell area 23, and the
remaining two of the sub-word lines 19 are connected to the
sub-word decoders 14 and 15 arranged on the left-hand side
of the memory-cell area 23.

In this configuration, the number of contacts 24 arranged

in a line perpendicular to the extension of the main-word
lines 18 1s half the number of the sub-word lines 19. In the

example of FIG. 4, four sub-word lines 19 are provided for
cach one of the main-word lines 18, so that only two contacts
24 1n one line are necessary for each one of the main-word
lines 18. Because of this, despite a configuration in which a

10

15

20

25

30

35

40

45

50

55

60

65

3

complete set of the sub-word decoders 14 through 17 are
provided for each column block, the present invention
requires as small a number of contacts as the configuration
of FIG. 1 1n which two adjacent column blocks share the
sub-word decoders.

In this manner, the present invention arranges a complete
set of the sub-word decoders for each column block on either
side of the memory-cell area such that the sub-word lines
extend from the sub-word decoders over the memory-cell
arca. This configuration achieves the word-selection control
with respect to each column block, and, at the same time, can
reduce the number of contacts arranged in a line perpen-
dicular to the word lines, thereby avoiding an enlargement of
chip size 1n a direction perpendicular to the word lines.

In FIG. 4, every other pair of sub-word lines 19 1s
connected to the sub-word decoders provided on the same
side of the memory-cell arca 23. Alternately, every other
sub-word line may be connected to the sub-word decoders
provided on the same side of the memory-cell area 23. FIG.
5 1s an 1llustrative drawing showing a configuration in which
every other one of the sub-word lines 19 1s connected to the
sub-word decoders provided on the same side.

As noted 1n the above, the present invention can avoid an
enlargement of chip size 1n a direction perpendicular to the
extension of the word lines. In addition, the present inven-
tion can avoid chip-size enlargement 1n a direction of the
extension of the word lines. This 1s achieved by arranging
device areas of devices constituting the sub-word decoders
such that the same conductive types of device arcas are
situated alongside between adjacent sub-word decoders.

FIG. 6 1s an 1llustrative drawing showing a layout of
sub-word decoders on a substrate of a semiconductor
memory device. FIG. 7 1s a circuit diagram of each sub-word
decoder. In FIGS. 4 and 5, the same elements are referred to
by the same numerals.

In FIG. 6, the sub-word decoders 14 through 17 are
formed on a P-type substrate. Each of the sub-word decoders
14 through 17 receives a main-word-line-selection signal
MWL from the main-word line 18 and sub-word-decoder-
selection signals qdx and /qdx (x=0, 1, 2, 3) from the
sub-word-decoder selection lines 20. The sub-word decod-
ers 14 through 17 output sub-word-line-selection signals

SWLx (x=0, 1, 2, 3) to the sub-word lines 19.

Each of the sub-word decoders 14 through 17 shown 1n
FIG. 7 include a PMOS transistor 40, an NMOS transistor

41, and an NMOS transistor 42. The sub-word-decoder-
selection signal gdx 1s applied to gate inputs of the PMOS
transistor 40 and the NMOS transistor 42, and the sub-word-
decoder-selection signal /qdx 1s supplied to a gate mput of
the NMOS transistor 41. When the sub-word-decoder-
selection signal gdx 1s LOW and the sub-word-decoder-
selection signal /qdx 1s HIGH, the main-word-line-selection

signal MWL 1s output as the sub-word-line-selection signals
SWLx.

With reference to FIG. 6 and FIG. 7, the PMOS transistor

40 having a gate 32 1s connected to the main-word line 18
via a contact 31. The NMOS transistor 41, which has a gate
33, is connected to the main-word line 18 via a contact 35.
Further, the NMOS transistor 42 having a gate 34 1s con-
nected to the ground voltage VSS via a contact 36.

In FIG. 6, N-wells 30 are formed 1n the P-type substrate.
On the N-wells 30 are formed the PMOS transistors 40. The

NMOS transistors 41 and the NMOS transistors 42 are
formed on the P-type substrate.

As shown 1n FIG. 6, the sub-word decoders of the present
invention are arranged such that adjacent sub-word decoders
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share the same device areca. Namely, a P-channel-transistor
area (an area where the PMOS transistor 40 is formed) of the
sub-word decoder 14 and a P-channel-transistor area of the
sub-word decoder 15 are provided in the same N-well 30.
Also, an N-channel-transistor area (an area where the
NMOS transistors 41 and 42 are arranged) of the sub-word
decoder 15 1s situated alongside an N-channel-transistor arca
of the sub-word decoder 16. Further, a P-channel-transistor
arca of the sub-word decoder 16 1s adjacent to a P-channel-
fransistor area of the sub-word decoder 17 so that these
P-channel transistor arcas share the same N-well 30.

As described above, the present invention arranges the
sub-word decoders such that either one of the N-channel-
transistor area and the P-channel-transistor area of a given
sub-word decoder 1s situated alongside an area of the same
type of an adjacent sub-word decoder. When an N-well 1s
formed mm a P-type substrate in general, an N-channel
transistor needs to keep some distance from the N-well when
the N-channel transistor 1s formed on the P-type substrate.
According to the sub-word-decoder configuration of the
present 1nvention, such a requirement regarding a distance
does not 1impose a restriction on the positioning of adjacent
sub-word decoders, so that the adjacent sub-word decoders
are arranged 1n close proximity. Because of this, the present
invention can avoid chip-size enlargement 1n a direction of
the extension of the main-word lines 18.

In the above, a configuration of sub-word decoders has
been described. In this configuration, sub-word decoders are
provided for each column block without enlarging a chip
size. As was previously described, it becomes necessary to
provide sub-word decoders for each column block when a
semiconductor memory device 1s designed to activate only
one sensc-amplifier block with an aim of reducing power
consumption. When sub-word decoders activate sub-word

lines only within a selected column block, no data destruc-
fion occurs.

There 1s another way to avoid the destruction of data when
only a selected part of sense-amplifier blocks 1s activated. In
the following, a problem of data destruction will be further
illustrated 1n detail, selectively operates the sense-amplifier
blocks 1204 of this row block. In general, all the sense-
amplifier blocks 1204 are operated with respect to a selected
row block.

In semiconductor devices, it 1s preferable to reduce power
consumption as much as possible. In order to meet this
demand, a column address may be supplied by the time
when a row access 1s performed, so as to allow sense
amplifiers to operate only with respect to a column block of
a selected column address.

FIG. 9 1s an 1llustrative drawing showing a configuration

which activates only a selected column block 1n the hierar-
chical word-decode scheme.

In the configuration of FIG. 9, all the sense-amplifier
blocks 1204 are not driven, but only one of the sense-
amplifier blocks 1204 1s operated with respect to a selected
column address. Column-block-selection circuits 1208 are
provided for this purpose.

Before a row access 1s performed, a column address 1s
supplied to the device, and the column-block-selection cir-
cuits 1208 select a column block corresponding to an
indicated column address. Column-block-selection lines
1216 extend from the column-block-selection circuits 1208,
and are connected to sense-amplifier-control circuits 1205
and sub-word-decoder-control circuits 1206. The sense-
amplifier-control circuits 1205 drive only one of the sense-
amplifier blocks 1204 seclected by the column-block-
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selection circuits 1208 1n a selected row block when the
row-block-selection circuit 1202 selects this row block. The
sub-word-decoder-control circuits 1206 supplies selection
signals from the sub-word-decoder selecting circuit 1203 to
the sub-word decoders 1209 through 1212 only in the

column block selected by the column-block-selection cir-
cuits 1208.

In this manner, data access 1s made to a memory-cell array
1207 of a selected column with and, then, further embodi-
ments of the present invention will be described.

FIG. 8 1s an 1illustrative drawing showing a word-line

structure according to a related-art hierarchical word-decode
scheme. A main-word decoder 1201 decodes a row address

to select one of main-word lines 1213, and turns the selected
main-word line to HIGH. The main-word lines 1213 are

provided on a wiring layer. In a different wiring layer, four
sub-word lines 1214 are laid out generally under the main-
word lines 1213. The sub-word lines 1214 are connected to
four types of sub-word decoders 1209 through 1212, respec-
tively. The sub-word decoders of the same type are arranged

in a row perpendicular to the extension of the main-word
lines 1213.

A sub-word-decoder selecting circuit 1203 selects one
type of sub-word decoders from among the four types of the
sub-word decoders 1209 through 1212 via the sub-word-
decoder selection lines 1215. The selected type of the
sub-word decoders connects the main-word lines 1213 to the
sub-word lines 1214. As a result, only one of the four
sub-word lines 1214 connected to the selected one of the
main-word lines 1213 becomes HIGH when this sub-word
line 1214 1s selected by the sub-word-decoder selecting
circuit 1203. This achieves a hierarchical word selection. In
the case of data-read operations, for example, data stored 1n
memory-cell arrays 1207 1s read by sense amplifiers of
sense-amplifier blocks 1204 only with respect to the selected
word.

The memory-cell arrays 1207 are arranged in a plurality
of column blocks along a column direction (horizontal
direction in the figure) as well as in a plurality of row blocks
along a row direction (vertical direction in the figure). FIG.
8 only shows a configuration of one row block. This row
block 1s selected when a row-block-selection circuit 1202
respect to a selected row block, and one of the sense-
amplifier blocks 1204 is operated only with respect to the
selected column block. This achieves a reduction 1n power
consumption.

In the configuration of FIG. 8, the sub-word lines 1214
extend over two adjacent column blocks, and the memory-
cell arrays 1207 of these column blocks share the sub-word
lines. On the other hand, the sub- word lines 12144 of FIG.
9 are separately provided for each column block, and a
single span of the sub-word lines 12144 1s used by only one
of the memory-cell arrays 1207.

When the sub-word lines 1214 are shared as shown in
FIG. 8, the number of the sub-word decoders 1209 through
1212 1s half as many as those of the configuration of FIG. 9.
A chip size 1n the horizontal direction of the figure thus can
be reduced. Further, intervals of contacts (not shown) con-
necting the sub-word lines 1214 with the sub-word decoders
1209 through 1212 can be twice as long as those of the
configuration of FIG. 9. This makes it possible to 1ncrease a
layout density of the sub-word lines 1214, thereby reducing
a chip size 1n a vertical direction of the figure.

In this manner, the configuration 1n which sub-word lines
are shared has an advantage over the configuration which
employs no sharing of sub-word lines because the chip size
can be reduced.
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However, the configuration of FIG. 9 1s necessary when
selective activation of column blocks 1s to be implemented.
This 1s because a data read operation must be conducted only
with respect to a selected column block when only one of the
sense-amplifier blocks 1204 i1s activated for this column

block.

Assume that a column block is selectively activated 1n the
configuration of FIG. 6 in which sub-word lines 1214 are
shared by two adjacent column blocks. Since the sub-word
lines 1214 extend across two adjacent column blocks, data
1s read from the memory-cell arrays 1207 of two adjacent
column blocks even when sub-word decoders are selected
with an aim of activating only one column block. If only one
of the sense-amplifier blocks 1204 1s operated, data cannot
be stored 1n sense amplifiers 1 one of the two activated
column blocks where no sense-amplifier block 1204 1is
activated. This ends up failing to restore data 1n the memory-
cell array 1207. As a result, the data of the memory-cell
array 1207 1s destroyed.

Accordingly, there 1s a need for a semiconductor memory
device which can achieve a selective activation of column
blocks without increasing chip size.

In the following, further embodiments of the present
invention will be described with reference to the accompa-
nying drawings.

FIG. 10 1s a block diagram of another embodiment of a

semiconductor memory device according to the present
invention.

A semiconductor memory device 110 of FIG. 1 includes
a clock buffer 111, a command decoder 112, an address
buifer 113, an I/O-data buffer 114, a control-signal latch 1135,

a mode register 116, a column-address counter 117, a
row-decoder block 118, a column-decoder block 119, and a

memory-cell circuit 120.

The address buffer 113 receives and buffers address
signals AO through An. The address buffer 113 supplies a
row address to the row-decoder block 118, and supplies a
column address to the column-address counter 117 and the

column-decoder block 119. The command decoder 112
receives command signals /CS, /RAS, /CAS, and /WE, and

decodes the command signals. Decoding results are sent to
the control-signal latch 115 and the mode register 116. Based
on the decoding results, the control-signal latch 115 controls
the row-decoder block 118 and the column-decoder block
119. The memory-cell circuit 120 includes a memory-cell
array, main-word lines, sub-word lines, bit lines, sense
amplifiers, etc.

The row-decoder block 118 selects and activates a main-
word line and a sub-word line corresponding to an indicated
row address to effect a data exchange between correspond-
ing memory cells and sense amplifiers. In the semiconductor
memory device 110, a column address 1s already available
when the row-decoder block 118 performs a row-address
access. By referring to this column address, the column-
decoder block 119 selects a column block corresponding to
the indicated column address, so that the row-address access
1s performed only 1n the selected column block. Namely,
sense amplifiers are driven and sub-word lines are activated
by the row-decoder block 118 only within the selected
column block.

The column-decoder block 119 makes an access to the
indicated column address 1n the selected column block. This
achieves a data exchange between the I/O-data buffer 114
and a sense amplifier of the indicated column address. The
[/0O-data buffer 114 receives data DQO through DQn from

the outside of the semiconductor memory device 110 to
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supply the data to the memory-cell circuit 120, or receives
data from the memory-cell circuit 120 to supply the data
DQO through DQn to the outside of the semiconductor

memory device 110.

The clock buffer 111 receives a clock signal CLK. In

synchronism with the clock signal CLK, data latch opera-
tions are performed in the command decoder 112, the
address buffer 113, and the I/O-data buffer 114. Each ele-
ment of the semiconductor memory device 110 operates 1n
synchronism with either the clock signal CLK or an internal

clock signal which 1s generated based on the clock signal
CLK.

The column-address counter 117 generates consecutive
column addresses internally, and supplies these addresses to
the column-decoder block 119. The consecutive column
addresses are used 1n circumstances such as when data 1n the
memory-cell circuit 120 needs to be refreshed 1n a refresh
mode or when data of consecutive column addresses needs
to be read from the same row address in a page mode.
Seclection of one of these mode 1s made by writing mode
setting data 1n the mode register 116 as the mode setting data
1s provided as address data.

FIG. 11 1s an illustrative drawing showing a first embodi-
ment of a column-block-selective-activation mechanism
according to the present invention. FIG. 11 shows relevant
portions of the row-decoder block 118, the column-decoder
block 119, and the memory-cell circuit 120 of FIG. 10 with

regard to column-block-selective activation.

Memory-cell arrays 127 are arranged to have a plurality
of column blocks in a column direction (horizontal direction
in the figure) and a plurality of row blocks in a row direction
(vertical direction in the figure). FIG. 11 only shows a
conilguration of one row block, and the row-block-selection
circuit 122 1s used for selecting this row block.

In the present mvention, all the sense-amplifier blocks
124 are not operated 1n the selected row block. Only one of
the sense-amplifier blocks 124 corresponding to an indicated
column address 1s operated, and, 1in addition, another one of
the sense-amplifier blocks 124 1s driven with respect to a
column block which shares sub-word lines 134 with the
above column block. To achieve this, a column-block-
selection circuit 128 1s used.

A column address 1s already available when row access 1s
made. The column-block-selection circuit 128 selects a first
column block corresponding to the mndicated column address
and a second column block sharing the sub-word lines 134
with the first column block. Column-block-selection lines
136 extend from the column-block-selection circuit 128, and
are connected to sense-amplifier-control circuits 125 and
sub-word-decoder-control circuits 126. The sense-amplifier-
control circuits 125 activates the sense-amplifier blocks 124
only with respect to the first and second column blocks
selected by the column-block-selection circuit 128 only 1n a
selected row block when this row block is selected by the
row-block-selection circuit 122. The sub-word-decoder-
control circuits 126 supply selection signals qd0 through qd3
to sub-word decoders 129 through 132 only 1n the first and
second column blocks, which are selected by the column-
block-selection circuit 128.

The sub-word-decoder selecting circuit 123 selects one
type of sub-word decoders from four types of the sub-word
decoders 129 through 132 by supplying the selection signals
qdO through qd3 via sub-word-decoder selecting lines 1385.
When being selected, a selected type of the sub-word
decoders 129 through 132 connects main-word lines 133 to
the sub-word lines 134. In this manner, only one of the
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sub-word lines 134 selected by the sub-word-decoder select-
ing circuit 123 becomes HIGH when this sub-word line 1s
connected to one of the main-word lines 133 selected by a
main-word decoder 121.

In this manner, a first column block corresponding to a
selected column address and a second column block sharing
the sub-word lines 134 with the first column block are
selected, and data access to the memory-cell arrays 127 1s
made only with respect to the first and second column

blocks. Further, the sense-amplifier blocks 124 are activated
accordingly 1n the first and second column blocks. Even
under the circumstance that the sub-word lines 134 are
shared by column blocks, therefore, selective activation of
column blocks can be implemented without destroying data
of the memory-cell arrays 127.

The column-block-selection circuit 128 of FIG. 11
includes NOR circuits 141 through 146, inverters 147
through 152, an XOR circuit 153, PMOS transistors 154
through 157, and NMOS transistors 158 through 161. The
column-block-selection circuit 128 receives the selection
signals qd0 through gd3 from the sub-word-decoder select-
ing circuit 123, and, also, receives two bits A0 and Al of the
column address signal AO through An. The selection signals
qd0 through qd3 are such that only one of these signals
becomes HIGH, corresponding to a sub-word decoder to be
selected, and remaining ones of these signals are LOW.

The NOR circuit 141 receives the selection signals qdl
and qd3, and the NOR circuit 142 receives the selection
signals qd0 and gqd2. When either the selection signal gd1 or
the selection signal qd3 1s HIGH, the PMOS transistors 156
and 157 are turned on. When either the selection signal gdO
or the selection signal qd2 1s HIGH, the PMOS transistors
154 and 155 are turned on. Drain nodes of the PMOS
transistors 154 and 157 are connected to the ground when
these PMOS transistors are not turned on because a ground

connection 1s established when a corresponding one of
NMOS transistors 158 through 161 1s turned on.

FIG. 11 shows four column blocks A through D as an

example. These four column blocks have an assigned col-
umn address as follows.

Column Block Column Address (AO, Al)

0, 0)
0, 1)
(1, 0)
(1, 1)

COw

The following 1s combinations of two column blocks which
are selected by a sub-word decoder when one of the selec-
tion signals gqdO through gd3 is selected.

Selection Signal Selected Column Block

qd0 (A, B) or (C, D)
qd1 (A, D) or (B, C)
qd2 (A, B) or (C, D)
qd3 (A, D) or (B, C)

These combinations can be confirmed by examining con-
nections between the sub-word-decoder selecting lines 135
and the sub-word decoders 129 through 132 in FIG. 11. As
can be seen from the above two tables, when a selection
signal gqdO or qd2 is selected, an address bit AO should be
examined to determine whether the pair of column blocks
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(A, B) or the pair of column blocks (C, D) is selected. That
is, the pair of column blocks (A, B) is selected when the
address bit AO is 0, and the pair of column blocks (C, D) is
selected when the address bit A0 1s 1. On the other hand,
when a selection signal gqd1 or gqd3 1s selected, a combination
of address bits A0 and Al should be examined to determine
whether the pair of column blocks (B, C) or the pair of
column blocks (A, D) is selected. That is, the pair of column
blocks (B, C) is selected when the address bits A0 and Al
are different, and the pair of column blocks (A, D) 1s selected
when the address bits A0 and Al are the same. By selecting
a pair of column blocks 1n this manner, two column blocks
which share sub-word lines selected by sub-word decoders
can be 1dentified.

The column-block-selection circuit 128 of FIG. 11 1s
designed to select a pair of column blocks as 1in the manner
described 1n the above. That 1s, the column-block-selection
circuit 128 generates column-block-selection signals CSO
through CS3 by examining the address bit AO when either
the selection signal qdO or the selection signal qd2 1is
selected, and generates column-block-selection signals CSO
through CS3 by examining an EXOR of the address bits A0
and Al when either the selection signal gd1 or the selection
signal qd3 1s selected.

In the example of FIG. 11, the number of column blocks
1s four. If the number of column blocks 1s eight, for example,
three address bits A0, Al, and A2 are used along with the
selection signals qdO through qd3 to select a pair of column
blocks. A circuit configuration to achieve this operation 1s
basically the same as that of FIG. 11, and 1s well within
ordinary skill in the art. A description of such a circuit
configuration will be omitted.

FIG. 12 1s an 1illustrative drawing showing a second
embodiment of a column-block-selective-activation mecha-
nism according to the present mvention. In FIG. 12, the
same elements as those of FIG. 11 are referred to by the
same numerals, and a description thereof will be omitted.

In FIG. 12, sense-amplifier-control circuits 125a are pro-
vided 1n place of the sense-amplifier-control circuits 125 of
FIG. 11. Further, a sense-amplifier driving circuit 170 1is
explicitly shown 1n FIG. 12 whereas this element 1s omitted
in FIG. 11. The sense-amplifier driving circuit 170 supplies
a driving current to the sense-amplifier blocks 124 via the
sense-amplifier-control circuits 125a4. The sense-amplifier-
control circuits 125a are characterized in that they provide
the sense-amplifier blocks 124 with the driving current from
cither side of each sense-amplifier block.

FIG. 13 1s a circuit diagram of the sense-amplifier-control
circuits 125a. In FIG. 13, the same elements are those of
FIG. 12 are referred to by the same numerals.

In FIG. 13, each of the sense-amplifier-control circuits
1254 includes a NAND circuit 171, an mverter 172, and one
or two NMOS transistors 173. Only one NMOS transistor
173 1s provided for a sense-amplifier-control circuit 1254
which 1s the last one provided at an end 1n a series of the
sense-amplifier-control circuits 125a4. The other sense-
amplifier-control circuits 1254 are provided with two
NMOS transistors 173.

Each of the sense-amplifier-control circuits 1254 receives
a column-block-selection signal from a corresponding one
of the column-block-selection lines 136 and a row-block-
selection signal from the row-block-selection circuit 122.
The NAND circuit 171 and the inverter 172 take an AND
operation between the supplied selection signals. An output
of the mnverter 172 becomes HIGH when a relevant row
block and a relevant column block are selected. The output
of the mverter 172 1s supplied to the NMOS transistor 173
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of the same sense-amplifier-control circuit 1254, and, also,
1s supplied to the NMOS ftransistor 173 of another sense-
amplifier-control circuit 125a positioned next on the right.
These NMOS transistors 173 are thus turned on, and the
driving signal from the sense-amplifier driving circuit 170 1s
fed 1nto a sense-amplifier block 124 from either side thereot

as this sense-amplifier block 124 i1s sandwiched between
these NMOS transistors 173.

In this manner, the second embodiment described above
supplies the driving current to the sense amplifiers of each
sense-amplifier block 124 from either side thereof. This
makes 1t possible to reduce a start-up time of the sense
amplifiers of the sense-amplifier blocks 124, thereby boost-
ing operational speed.

FIG. 14 1s an 1llustrative drawing showing an embodiment
in which column-selection lines are selected by counting up

column addresses 1n the column-address counter 117 of FIG.
10. In FIG. 14, the same elements as those of FIG. 11 are

referred to by the same numerals, and a description thereot
will be omitted.

In FIG. 5, column decoders 181 select one of column-
selection lines CL1 through CLn. The column-selection
lines CL1 through CLn are connected to the sense-amplifier
blocks 124. When a data-read operation 1s conducted, for
example, data 1s read from one of the sense amplifiers
corresponding to a selected column-selection line, and 1is
conveyed through local-data bus 82. When the column-
address counter 117 of FIG. 10 counts up a column address
to generate consecutive column addresses, one of the sense-
amplifier blocks 124 1s activated immediately after a sense
amplifier provided at an end as the last one 1n a series of
sense amplifiers 1s selected by a column-selection line 1n an
adjacent sense-amplifier block 124 provided on the left. In
this manner, the column address 1s counted up to select
successively one of the column-selection lines CL1 through
CLn. As this happens, the sense-amplifier blocks 124 are
also successively selected according to the successive col-
umn addresses. When the last one, 1.e., the column-selection
line CLn, 1s selected, the first one, 1.¢., the column-selection
line CL1, 1s selected again to repeat the selection procedure.

As described 1n the above, the selective activation of the
column blocks according to the present invention 1s work-
able even when the column address 1s successively counted
up. That 1s, successive column addresses can be accessed
one after another by successively activating sense-amplifier
blocks.

According to the present invention which has been
described with reference to FIG. 10 through FIG. 14, the
sense-amplifier blocks are selectively activated with respect
to column blocks which share selectively activated sub-word
lines, so that power consumption can be reduced while
avolding data destruction which would occur when accessed
data 1s not stored in the sense-amplifier blocks.

Further, selection of the column blocks 1in which the sense
amplifiers are activated may be made based on the column-
address signals and the signals for selecting the sub-word
lines.

Also, the selection of the column blocks may be made by
using a predetermined number of bits extracted from the
most-significant-bit side of the column address and the
signals for selecting the sub-word lines.

Moreover, when a plurality of row blocks and a plurality
of column blocks are provided, the sense-amplifier blocks in
a selected row block are selectively activated with respect to
column blocks which share selectively activated sub-word
lines, so that power consumption can be reduced while
avolding data destruction which would occur when accessed
data 1s not stored in the sense-amplifier blocks.
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Further, a high-speed activation of the sense-amplifier
blocks 1s achieved by providing a driving current from both
sides of a sense-amplifier block.

Also, even when column addresses are counted up to
successively access consecutive column addresses, the
sense-amplifier blocks are successively activated
accordingly, so that power consumption can be reduced
while avoiding data destruction which would occur when
accessed data 1s not stored 1n the sense-amplifier blocks.

Further, the present invention 1s not limited to these
embodiments, but various variations and modifications may
be made without departing from the scope of the present
invention.

What 1s claimed 1s:

1. A semiconductor memory device having a hierarchical
word line structure, comprising:

a plurality of column blocks, each including a plurality of
sub-word lines which are connected to memory cells
and separated at each boundary between said column

blocks; and

sub-word decoders disposed on both sides of each of said
column blocks to select the sub-word lines, wherein the
sub-word decoders disposed between neighboring col-
umn blocks are coupled to the sub-word lines of only
one of said neighboring column blocks.

2. The semiconductor memory device as claimed 1n claim
1, wherein said sub-word lines are selected only 1n a selected
one of said column blocks.

3. The semiconductor memory device as claimed 1n claim
2, further comprising sense-amplifier blocks, each of which
1s provided for a corresponding one of said column blocks,
wherein only one of said sense-amplifier blocks correspond-
ing to said selected one of said column blocks 1s activated.

4. The semiconductor memory device as claimed 1n claim
1, wherein every other one of said sub-word lines 1s con-
nected to said sub-word decoders provided on a first side of
said given one of a column blocks, and remaining ones of
said sub-word lines are connected to said sub-word decoders
provided on a second side of said given one of said column
blocks.

5. The semiconductor memory device as claimed 1n claim
1, wherein every other pair of said sub-word lines 1s con-
nected to said sub-word decoders provided on a first side of
said given one of a column blocks, and remaining pairs of
said sub-word lines are connected to said sub-word decoders
provided on a second side of said given one of said column
blocks.

6. The semiconductor memory device as claimed 1n claim
1, wherein each of said sub-word decoders includes an
NMOS transistor, a PMOS transistor, and a first substrate
area where said NMOS transistor 1s formed, and said first

substrate areca of a given one of said sub-word decoders 1s
situated alongside said first substrate area of an adjacent one
of said sub-word decoders.

7. The semiconductor memory device as claimed 1n claim
1, wherein each of said sub-word decoders includes an
NMOS transistor, a PMOS transistor, and a second substrate
arca where said PMOS transistor 1s formed, and said second
substrate area of a given one of said sub-word decoders 1s
situated alongside said second substrate area of an adjacent
one of said sub-word decoders.

8. A semiconductor memory device comprising;:

a plurality of main-word lines;

a main-word decoder selecting one of said plurality of
main-word lines;

a plurality of column blocks, each including a plurality of
sub-word lines which are connected to memory cells
and separated at each boundary between said column

blocks; and
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sub-word decoders, disposed on both sides of each of said
column blocks, for coupling said main-word lines to
the sub-word lines, wherein the sub-word decoders
disposed between neighboring column blocks are
coupled to the sub-word lines of only one of said
neighboring column blocks.

9. The semiconductor memory device as claimed in claim
8, wherein said sub-word lines are selected only 1n a selected
one of said column blocks.

10. The semiconductor memory device as claimed 1n
claim 9, further comprising sense-amplifier blocks, each of
which 1s provided for a corresponding one of said column
blocks, wherein only one of said sense-amplifier blocks
corresponding to said selected one of said column blocks 1s
activated.

11. The semiconductor memory device as claimed 1n
claim 8, wherein each of said sub-word decoders includes an
NMOS transistor, a PMOS transistor, and a first substrate
arca where said NMOS transistor 1s formed, and said first
substrate arca of a given one of said sub-word decoders 1s
situated alongside said first substrate area of an adjacent one
of said sub-word decoders.

12. The semiconductor memory device as claimed 1in
claim 8, wherein each of said sub-word decoders includes an
NMOS transistor, a PMOS transistor, and a second substrate
area where said PMOS transistor 1s formed, and said second
substrate area of a given one of said sub-word decoders 1s
situated alongside said second substrate area of an adjacent
one of said sub-word decoders.

13. The semiconductor device as claimed in claim 8,
wherein said main-word lines are provided commonly for
said plurality of column blocks.

14. The semiconductor memory device as claimed 1n
claim 8, further comprising;:

sub-word decoder control circuits, each outputting a con-
trol signal to corresponding one of said sub-word
decoders 1n response to a sub-word decoder selection
signal and a column block selection signal, wherein
said sub-word decoders select the sub-word lines 1n
response to said control signal.

15. The semiconductor memory device as claimed 1n
claim 14, wherein said control signal 1s a complement signal
comprising a first control signal and a second control signal,
and one of said sub-word decoder comprising;

a first PMOS transistor coupled between said main-word
line and said sub-word line and controlled by said first
control signal;

a first NMOS ftransistor coupled between said sub-word
line and a reference potential and controlled by said
first control signal; and

a second PMOS transistor coupled between said main-
word line and said sub-word line and controlled by said
second control signal.

16. A semiconductor memory device having a hierarchical

word line structure, comprising:

sub-word lines disposed in first and second column

blocks;

sub-word decoders shared by said first and second column
blocks and coupled to said sub-word lines;

first and second sense-amplifier blocks provided for said
first and second column blocks, respectively; and

a column-block-selection circuit selecting the sub-word
decoders and activating both of said first and second
sense-amplifier blocks 1n response to a column block
address signal designating either one of said first and
second column blocks.
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17. The semiconductor memory device as claimed in
claim 16, wherein said column-block-selection circuit
selects said first and second column blocks 1n response to
sald column block address signal and a sub-word line
selection signal.

18. The semiconductor memory device as claimed in
claim 16, wherein said column-block-selection circuit
selects said first column block based on a predetermined
number of bits extracted from a column block address
signal, and selects said second column block based on said
predetermined number of bits and said sub-word line selec-
tion signal.

19. The semiconductor memory device as claimed in
claim 16, further comprising a row-block-selection circuit
selecting one of a plurality of row blocks, wherein each of
said row blocks mcluding said first and second sense ampli-
fier blocks.

20. The semiconductor memory device as claimed 1n
claim 16, further comprising:

a sub-word-decoder selecting circuit which selects said
sub-word decoders; and

sub-word-decoder-control circuits provided between said
sub-word-decoder selecting circuit and said sub-word
decoders,

wherein said sub-word-decoder-control circuits supply
selection signals from said sub-word-decoder selecting
circuit to said sub-word decoders in response to a
column-block-selection signal from said column-
block-selection circuit.

21. The semiconductor memory device as claimed 1in
claim 16, wherein said sense-amplifier blocks 1n said first
column block and said second column block receive a
driving current from either side of a corresponding one of
said sense-amplifier blocks.

22. The semiconductor memory device as claimed 1in
claim 16, further comprising:

a column-address counter generating consecutive column
addresses by counting up a column address; and

column-selection lines selecting an indicated column
address,

wherein said sense-amplifier blocks are successively acti-
vated 1n accordance with successive selective activa-
tion of said column-selection lines as said column
address 1s counted up.

23. The semiconductor memory device as claimed 1n
claim 22, wherein when said column-selection lines are
successively selected, a next one to be activated after a last
one of said column-selection line 1s selectively activated 1s
a first one of said column-selection line.

24. A semiconductor memory device comprising:

a plurality of main-word lines;

a main-word decoder which selects one of said plurality
of main-word lines;

a plurality of column blocks arranged 1n a column direc-
tion and including memory cells;

sub-word lines provided for each one of said plurality of
main-word lines;

sub-word decoders shared by at least two of said plurality
of column blocks and coupled to said sub-word lines 1n
said at least two of said plurality of column blocks;

sense-amplifier blocks provided for each one of said
plurality of column blocks;

a column-block-selection circuit activating said sense-
amplifier blocks 1n said at least two of said plurality of
column blocks 1n response to a column block address
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signal designating either one of said at least two of said
plurality of column blocks.

25. The semiconductor memory device as claimed 1n
claim 24, wherein said column-block-selection circuit acti-
vates said sense-amplifier blocks 1n a first column block and
at least one second column block based on said column
block address signal and a sub-word line selection signal.

26. The semiconductor memory device as claimed 1n
claim 25, wherein said column-block-selection circuit
selects said first column block based on a predetermined
number of bits extracted from said column block address
signal, and selects said at least one second column block
based on said predetermined number of bits and said sub-
word line selection signal.
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27. Asemiconductor memory device having a hierarchical
word line structure, comprising:

sub-word lines provided for each one of column blocks;

sub-word decoders shared by at least some column blocks
and coupled to said sub-word lines 1n said at least some
column blocks;

sense-amplifier blocks provided for each of said column

blocks; and

a column-block-selection circuit selectively activating
said sense-amplifier blocks only with respect to column
blocks which share a selected one of said sub-word
decoders.
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